Introduction {#sec1-1}
============

Nephrotoxicity can be defined as renal disease or dysfunction that arises as a direct or indirect result of exposure to medicines and industrial or environmental chemicals. Gentamicin (GM) is an amino glycoside antibiotic that is very effective on life-threatening Gram-negative infections in humans and animals.\[[@ref1]\] Unfortunately, 30% of patients treated with GM for more than 7 days show some signs of nephrotoxicity.\[[@ref2]\] It has been reported that GM-induced nephrotoxicity characterized by direct tubular necrosis that is localized mainly in the proximal tubule is followed by renal failure with an increase plasma creatinine, urea,\[[@ref3]\] and reactive oxygen species (ROS) generation in kidneys.\[[@ref4][@ref5]\] A considerable number of studies have demonstrated that various crude agents, including garlic,\[[@ref6]\] arabic gum,\[[@ref4]\] lycopene,\[[@ref7]\] Spirulina platensis,\[[@ref8]\] and others can prevent GM-induced renal damage.

*Elaeocarpus ganitrus* belongs to the family Elaeocarpeaceae found in tropical and subtropical areas. Traditionally, Rudraksha seeds have been used for the treatment of various ailments like stress, anxiety, depression, nerve pain, epilepsy, hypertension, arthritis, and liver diseases. *E. ganitrus* seed contains indolizidine type of alkaloids, which display a wide range of biological activities and are subject of various synthetic studies. It also contains minerals, flavanoids, vitamins, tannins, steroids, glycosides, and carbohydrates. The main compounds are ellagic acid, gallic acid, quercetin, elaeocarpidine, elaeocarpine, elaeocarpiline, and rudrakine.\[[@ref9]\] Recently many therapeutic effects of *E. ganitrus* extracts have been documented, including antihypertensive,\[[@ref10]\] antioxidant,\[[@ref11]\] anti-inflammatory,\[[@ref12]\] antidiuretic,\[[@ref13]\] central analgesic,\[[@ref14]\] antifungal,\[[@ref15]\] and antimicrobial\[[@ref16]\] effects in experimental studies. A comprehensive literature survey revealed that there are no scientific studies carried out regarding *E. ganitrus* in GM-induced nephrotoxicity in the aspects with relation to immune regulation and free radical scavenging property. Hence, the present study is focused to evaluate the nephroprotective, antioxidant, and anti-inflammatory potential of the *E. ganitrus* against GM-induced nephrotoxicity in Wistar rats.

Materials and Methods {#sec1-2}
=====================

 {#sec2-1}

### Drugs {#sec3-1}

GM (Nitin Lifesciences Ltd, Karnal, India) and methylprednisolone (MP) (Pfizer Limited) were purchased from the local market. All other chemicals and reagents used were of analytical grade.

### Animals {#sec3-2}

Male Wistar rats, procured from commercial breeder, were kept for a week for acclimatization under environmentally controlled conditions with free access to standard food and water. Rats weighing 150-250 g were carried out according to the guidelines and approval of Institutional Animal Ethics Committee, protocol no I/IAEC/009/2013/WR- 36.

### Collection and Authentication of Plant Material {#sec3-3}

The *E. ganitrus* seeds were collected from Rudraksha Ayurvedic clinic, Hyderabad, seeds authenticated by Dr. V. Krishna Reddy, Assistant Professor, Department of Botany, Kakatiya University, Warangal, Andhra Pradesh, India.

### Preparation of Extracts {#sec3-4}

Dried seeds of *E. ganitrus* were mechanically powder and sieved. The powder was extracted with 90% ethanol, concentrated under vacuum at temperature 60ºC, and dried to get the powdered form of the extract, and it was stored in tightly closed glass bottle in refrigerator until use.

### Preliminary Phytochemical Screening {#sec3-5}

Preliminary phytochemical screening revealed the presence of phytosterols, fats, alkaloids, glycosides, tannins, proteins, carbohydrates, and flavonoids in the extract.\[[@ref17]\]

### Acute Toxicity Studies {#sec3-6}

The acute oral toxicity study was carried out as per guideline 423 set by the Organization for Economic Cooperation and Development received from Committee for the Purpose of Control and Supervision of Experiments on Animals. Lethal dose 50 value of *E. ganitrus* is not more than 5 g/kg body weight.\[[@ref18]\]

### Induction of Disease and Experimental Design {#sec3-7}

Animals were randomly divided into six groups of six animals each. Group I treated with vehicle (CMC, p. o.) was kept as normal. Group II was injected with GM (100 mg/kg, i. p.) for 6 days. Group III, IV, and V were administered *E. ganitrus* 100, 200, and 400 mg/kg, p. o. body weight along with GM, respectively, for 6 days. Group VI was administered MP (12.5 mg/kg, i. p.) for 6 days along with GM. After 24 h from last injection, blood samples were collected by retro-orbital plexus of rats. Blood samples were centrifuged to get serum for biochemical estimations. Kidneys were quickly removed for antioxidant and histopathological assessments.

### Renal Function Tests {#sec3-8}

Urine and serum concentrations of albumin and uric acid were quantitatively determined using albumin and uric acid kits (ERBA, Mumbai). Urine creatinine was measured using an assay kit (ACCUREX biomedical Pvt. Ltd, Thane). Concentrations of blood urea nitrogen (BUN) were determined using BUN kit from BIOSYSTEMS. All the assays were performed in duplicate according to the manufacturer\'s instructions.

### Determination of Total Protein {#sec3-9}

Tissue protein was estimated using bovine serum albumin as standard and was measured by the method described by Lowry *et al*.\[[@ref19]\]

### Antioxidant Enzyme Activity {#sec3-10}

Kidney homogenate (10%w/v) were prepared in phosphate-buffered saline (PBS) and supernatant was used for the estimation of super oxide dismutase (SOD) by pyrogallol oxidation method.\[[@ref20]\] Glutathione (GSH) levels were measured spectrometrically using DTNB as standard. Catalase activity was determined from rate of decomposition of H~2~O~2~ method.\[[@ref21]\]

### Immunomodulatory Activity {#sec3-11}

Neutrophil adhesion assay was done by the method described by Wilkonson.\[[@ref22]\] Phagocytic index was determined by the method described by Gonda.\[[@ref23]\]

### Histopathological Examination {#sec3-12}

Histopathological sections of kidney from all the treated groups were evaluated using light microscopy. For this the tissues were fixed in 10% formalin, embedded in paraffin, sectioned at 5mM, and stained with hematoxylin-eosin.

### Statistical Analysis {#sec3-13}

Results are given as mean ± standard error of mean (SEM). Data were analyzed using one-way analysis of variance (ANOVA) followed by Newman-Keuls test. The statistical significance of difference was taken as *P* \< 0.05.

Results {#sec1-3}
=======

 {#sec2-2}

### Renal Function Tests {#sec3-14}

Acute nephrotoxicity occurred in the group II due to GM injections during 6 days leads to increase level of serum creatinine, BUN, uric acid, and albumin in urine with statistical significance (*P* \< 0.001) as compared with group I shown in the [Table 1](#T1){ref-type="table"}. The elevated serum creatinine, BUN, uric acid, and urine albumin levels were significantly (*P* \< 0.05) reduced in groups III, IV, and V when compared with group II. However, differences in serum creatinine, BUN, uric acid, and albumin in urine were significantly (*P* \< 0.05) different in groups III, IV, and V when compared with the group I that is the dose-dependent activity of *E. ganitrus*. In group VI there was a significant decrease (*P* \< 0.05) in serum creatinine, BUN, and uric acid and increase in serum albumin and urine creatinine levels compared with group II.

###### 

Effect of *E. ganitrus* on renal function tests

![](IJPharm-46-298-g001)

### Effect of *E. ganitrus* on total protein {#sec3-15}

GM caused decrease in total protein levels with (*P* \< 0.001) significance in group II when compared with group I. In groups III, IV, and V there is elevated total protein levels with (*P* \< 0.001) significance compared with group II. Group VI showed significant (*P* \< 0.05) increase in total protein levels compared with group II.

### Effect of *E. ganitrus* on renal oxidative stress biomarkers {#sec3-16}

In group II antioxidant enzymes like SOD, CAT, and GSH levels were found to be significantly (*P* \< 0.001) decreased as compared with group I as shown in [Table 2](#T2){ref-type="table"}. There were significant increase (*P* \< 0.05) in SOD, CAT, and GSH levels in groups III, IV, and V when compared with group II. Also there was a significant increase (*P* \< 0.05) in serum SOD, CAT, and GSH levels in group VI when compared with group II.

###### 

Effect of *E. ganitrus* on oxidative stress

![](IJPharm-46-298-g002)

### Effect of *E. ganitrus* on Kidney Histology {#sec3-17}

Histological studies revealed that GM-induced renal tubular damage leading to tubular necrosis and pretreatment with *E. ganitrus* partially prevented damage of renal tubule and glomeruli \[[Figure 1](#F1){ref-type="fig"}\].

![Histology of kidney after 6-days study period. H and E, ×20 of kidney sections in five different groups of animals revealing significantly higher degree of brush border in renal tubules (red arrowheads) and glomerulus (red asterisk). Cast formation (yellow asterisk), tubular necrosis (yellow arrow heads), and cell detachment (orange arrows) have seen in GM-treated group. Further damage in all treated groups compared with group II shows remarkable improvement after *E. ganitrus* and MP treatment. H and E = hematoxylin and eosin. a = Group I(CMC), b = Group II(GM 100 mg/kg), c = Group III (GM+EM 100 mg/kg), d = Group IV (GM+EG 200 mg/kg), e=Group V (GM+EM 400 mg/kg), f = Group VI (GM+MP 12.5 mg/kg)](IJPharm-46-298-g003){#F1}

### Effect of *E. ganitrus* on phagocytic index and neutrophil adhesion assay {#sec3-18}

In group II the phagocytic index and neutrophil adhesion were found to be significantly (*P* \< 0.001) decreased as compared with group I as shown in [Figure 2](#F2){ref-type="fig"}. In groups III, IV, V, and VI there was a significant (*P* \< 0.001) increase in phagocytic index and neutrophil adhesion when compared with group II. Groups III, IV, and V showed a dose-dependent activity on phagocytic index and neutrophil adhesion, respectively, with (*P* \< 0.05) significance when compared with group I \[[Figure 2](#F2){ref-type="fig"}\].

![Phagocytic index and neutrophil adhesion assay of *E. ganitrus*. Values are expressed as mean ± SEM of six animals. Superscript letters represent the statistical significance done by ANOVA, followed by Newman-Keuls multiple comparison tests. (a) *P* \< 0.001 indicates comparison made with groups II, III, and VI; (b) *P* \< 0.001 indicates comparison made with groups III, IV, V, and VI; (c) *P* \< 0.05 indicates comparison made with groups IV, V, and VI; (d) *P* \< 0.05 indicates comparison made with group V and group VI; (e) *P* \< 0.001 indicates comparison made with group VI; and (f) *P* \< 0.001 indicates comparison made with group II. SEM = standard error of mean, ANOVA = analysis of variance](IJPharm-46-298-g004){#F2}

Discussion {#sec1-4}
==========

Nephrotoxicity induced by GM is characterized by an increase in serum creatinine, BUN, uric acid, and albuminuria with severe proximal renal tubular necrosis, followed by deterioration and renal failure.\[[@ref3][@ref4]\] Serum creatinine concentration is a more potent indicator than the urea concentration in the first phases of kidney disease. Furthermore, urea concentration begins to increase only after parenchymal tissue injury.\[[@ref24]\] In this study serum creatinine, BUN, uric acid, and urine albumin levels were significantly higher in the GM-treated animals, which is an indicator of nephrotoxicity. Coadministration of *E. ganitrus* in three different doses to nephritic rats resulted significant improvement in the renal function. The mechanism of this protective effect might be due to antioxidant potential of *E. ganitrus*. These results are in accordance with several other researches, which reported that compounds that have antioxidant properties like resveratrol or garlic extract\[[@ref6]\] partially prevented the increase in the levels of serum creatinine, BUN, uric acid, and albumin in urine against GM-induced nephrotoxicity. In the present investigation, administration of GM resulted in renal injury as a consequence of tubular necrosis and treatment with *E. ganitrus* extract significantly reduced tubular necrosis and glomeruli damage as shown in [Figure 1](#F1){ref-type="fig"}.

The toxicity of aminoglycosides, including GM, is related to the generation of ROS in the kidney.\[[@ref1]\] A relationship between nephrotoxicity and oxidative stress has been confirmed in many experimental model. Activities of SOD and CAT enzymes were greatly reduced in GM-treated rats when compared with control group animals. The scavenging of superoxide radicals is achieved through upstream enzyme SOD, which catalyzes the dismutation of superoxide to H~2~O~2~. This reaction has a 10,000-fold faster rate than spontaneous dismutation. Reduction in SOD and CAT activities after GM injection has been suggesting that oxidative stress is one of the causes of GM-induced renal damage. The administration of different doses of *E. ganitrus* in nephritic rats showed increase in SOD and CAT activities may be due the antioxidant property of *E. ganitrus*. GSH has a very important role in protecting against oxygen free radical damage by providing reducing equivalents for several enzymes. GSH is also a scavenger of hydroxyl radicals and singlet oxygen generation; in the present study, level of GSH in *E. ganitrus*-treated group is higher when compared with GM-treated animals. The reason for GSH depletion after treatment with *E. ganitrus* is because of increased GSH consumption in nonenzymatic removal of oxygen radicals.\[[@ref10]\]

The primary function of neutrophils is migration toward the challenge and killing of intracellular microorganisms. Nephrotoxicity leads to reduction in neutrophil function that reflex reduced chemotactic activity.\[[@ref22]\] Hence, in this case the percentage of neutrophils adhered to nylon fiber has been significantly reduced. In treatment groups, there has been increase in adhesion of neutrophils to nylon fiber that reflex its increased chemotactic activity.

Phagocytic index was used to evaluate effect on reticuloendothelial cell-mediated phagocytosis.\[[@ref25]\] Nephrotoxicity leads to increase in macrophages infiltration that results in reduced phagocytic activity. In treatment group, there is increased carbon clearance that reflects increased phagocytic activity of macrophages. Hence *E. ganitrus* stimulated the reticuloendothelial system by significant increase in the phagocytic index.

Conclusion {#sec1-5}
==========

Present study revealed that administration of *E. ganitrus* improves renal function in GM-induced nephrotoxicity. Stimulation of antioxidant enzymes along with immunomodulation contributed for restoration of kidney function. Further phytochemical and pharmacological investigations are required to explore the active constituent\'s and molecular pathways that are responsible for the activity of *E. ganitrus*. These investigations may have a considerable impact on future drug discovery process for the efficient pharmacotherapeutic management of nephrotoxicity.
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